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THE PROBLEM O F  ACTIVE LONGITUDES ON Tm SUN 

Yu.  I. Vi t in sk iy  

ABSTRACT 

The p o s i t i o n  of t h e  a c t i v e  s o l a r  longi tudes  i s  studied 
by t h e  method of i s o l i n e s .  Choice of an unsui tab le  sca l e  
f o r  measuring a c t i v e  a reas  i n  l o n g i t u d i n a l  d i r e c t i o n ,  o r  of 
an inco r rec t  zero re ference  poin t  may lead  t o  erroneous 
r e s u l t s  when t h i s  method i s  Used. The Deslandres 30' longi -  
t u d i n a l  s c a l e  u n i t  w a s  chosen, because it covers t h e  popula- 
t i o n  b e l t  of r e c u r r e n t  sunspots. Maps of i s o l i n e s  of sun- 
spot a r eas  have been drawn on which t h e  a c t i v e  reg ions  were 
i s o l a t e d  from o t h e r s .  That zero poin t  w a s  chosen which 
yielded t h e  g r e a t e s t  mean long i tud ina l  g rad ien t  i n  t h e  maxi- 
mum a rea  of sunspots. The zero po in t s  of t h e  Northern and 
Southern Hemispheres d id  not coincide i n  many cases.  An ir- 
regu la r  o s c i l l a t i o n  of t h e  pos i t i ons  of a c t i v e  s o l a r  l ong i -  
tudes w a s  noted on t h e  maps which had been drawn and an 
attempt w a s  made t o  f ind  more accura te  p o s i t i o n s  of t h e  cen- 
t e r s  of a c t i v e  longi tudes .  The cen te r s  were s h i f t e d  i n  one 
d i r e c t i o n  i n  t h e  Northern Hemisphere but  no such d e f i n i t e  
d i r e c t i o n  w a s  noted i n  t h e  Southern Hemisphere. V i t in sk iy  
concludes t h a t  t h e  subphotospheric l a y e r s  assoc ia ted  wi th  
a c t i v e  longi tudes  r o t a t e  faster i n  some 11-year cyc les  and 
slower i n  o t h e r s .  

I n  a previous work (Ref. 1) we used t h e  method of i s o l i n e s  t o  i s o -  
l a t e  t he  sun 's  a c t i v e  longi tudes .  By t h i s  method it w a s  poss ib le  t o  
reach some i n t e r e s t i n g  conclusions about t hese  longi tude  i n t e r v a l s .  O f  
p a r t i c u l a r  s ign i f i cance  i s  t h e  f a c t  t h a t  t h e  proper ty  of a c t i v e  long i -  
tudes w a s  re ta ined ,  t o  an accuracy equal t o  t h a t  of t h e  s c a l e  used (40° 
i n  u n i t s  of he l iographic  longi tude) ,  f o r  two o r  more of t h e  11-year 
s o l a r  cyc les  . 

However, i n  using t h e  i s o l i n e  method, two problems deserve s p e c i a l  
consideratfon. E i t h e r  of t h e s e  problems, i f  solved inco r rec t ly ,  can 
decrease t h e  accuracy of i s o l a t i n g  t h e  a c t i v e  longi tudes ,  because they  
produce an e f f e c t  equiva len t  t o  i n t e r s e c t i n g  t h e  a c t i v e  regions.  Such 



an e f f e c t  can be caused e i t h e r  by improper choice of t h e  area sca le ,  
( i n  p a r t i c u l a r  of i t s  longi tude  un i t s ,  o r  by improper choice of t h e  
zero poin t .  

Firs t  l e t  u s  consider  t h e  quest ion of  t h e  s c a l e  o f  areas along t h e  
longi tude,  because i n  studying t h e  longi tude d i s t r i b u t i o n  of sunspots,  
t h e  choice of  l a t i t u d e  s c a l e  i s  no t  so important f o r  us .  W e  note only 
t h a t  by stopping a t  Acp= 20' w e  have, f o r  p r a c t i c a l  purposes, chosen t o  
consider t h e  e n t i r e  sunspot region wi th  r e spec t  t o  l a t i t u d e .  

Deslandres ( R e f .  2) s tudied t h e  ques t ion  of t h e  breadth  of t h e  
a c t i v e  s o l a r  longi tudes  i n  d e t a i l ,  and concluded, on t h e  b a s i s  of  con- 
s i d e r a t i o n  of a l a r g e  amount of material on sunspots and photospheric 
f acu la s ,  t h a t  opt imal ly  sharp i s o l a t i o n  of t h e  a c t i v e  longi tudes  i s  
a t t a ined  Using a 30' i. e. ,  31/6 l ong i tud ina l  s c a l e  u n i t .  Subsequently, 
t h i s  r e su l t  w a s  reexamined by S a l e t  ( R e f .  3)  who, on t h e  basis of d a t a  
on t h e  photospheric f acu la s ,  determined t h a t  t h e  most re l iable  sca l e  
u n i t  w a s  not  sr/6 bu t  31/5, i .e.,  nea r ly  40°. Curiously enough, t h e  l a t -  
t e r  conclusion p r a c t i c a l l y  coincides  wi th  t h a t  reached by Djurkovic 
( R e f .  4) w i th  r e spec t  t o  t h e  optimal dimensions of a group of sunspots.  

However, because a l l  t h e  inves t iga to r s  c i t e d  above d e a l t  wi th  
l imi ted  amounts of da t a ,  t h e  problem of t h e  optimal a c t i v e  longi tude 
sca l e  can scarce ly  be considered solved. S t i l l  ear l ier  ( R e f .  1) w e  
noted t h a t  i f  a 20° longi tude  s c a l e  u n i t  i s  se lec ted ,  w e  g e t  an ex- 
tremely complicated and inaccura te  p i c t u r e  of t h e  longi tude  d i s t r i b u -  
t i o n  of sunspot a c t i v i t y .  
t o  d i s t i n g u i s h  t h e  a c t i v e  longi tudes  accura te ly .  
l a t i o n s  of t h e  a c t i v e  longi tudes  are r ecu r ren t  groups of  spots ,  it i s  
po in t l e s s  t o  t rea t  s c a l e  v a r i a t i o n s  of less  than  10'. I n  t h i s  connec- 
t i on ,  it remained f o r  u s  t o  study t h e  p o s s i b i l i t y  of using t h e  method 
of  i s o l i n e s t o  cons t ruc t  a map of t h e  sunspot reg ions  wi th  a 30° l ong i -  
tude sca le .  

On t h e  o the r  hand, a s c a l e  of  40° allows u s  
Since t h e  bas i c  popu- 

An i s o l i n e  map of  t h e  areas of sunspot a c t i v i t y  wi th  a 30' 20' k2 area sca l e  w a s  constructed f o r  t h e  16 th  sunspot cycle,  f o r  which w e  
had ear l ie r  obtained ( R e f .  1) a p a r t i c u l a r l y  sharp p i c t u r e  of t h e  long i -  
tude d i s t r i b u t i o n  of sunspot a c t i v i t y ,  w i th  an  area s c a l e  of 40° 20'. 
This  gave a s u f f i c i e n t l y  accura te  i s o l a t i o n  of t h e  a c t i v e  longi tudes.  
However, it i s  very d i f f i c u l t  t o  make an ob jec t ive  estimate of how much 
t h e  v a r i a t i o n  of t h e  s c a l e  improved o r  impaired t h e  resu l t .  And f u r -  
thermore, it appeared t o  u s  t h a t  t h e  s u b s t a n t i a l  v a r i a t i o n s  which might 
have been observed d id  not  occur.  Therefore, i f  w e  are s u f f i c i e n t l y  
objec t ive ,  we may conclude only t h a t  a longi tude scale of less than  30° 
i s  not  suitable f o r  t h e  cons t ruc t ion  of an i s o l i n e  map. B u t  s ince  t h e  
30' and 40' s c a l e s  do not  g ive  s u b s t a n t i a l  d i f f e rences ,  it i s  poss ib le  
t o  choose a 40' sca l e ,  which w a s  used before,  poss ib ly  i n  order  t o  com- 
pare t h e  new resul ts  wi th  t h e  d a t a  obtained i n  R e f .  1. 
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I n  previous cons t ruc t ion  of an i s o l i n e  cha r t  of sunspot a reas ,  w e  
dea l t  wi th  a f i x e d  zero poin t  longi tude,  equa l  t o  3600. 
q u i t e  c l e a r  t h a t  w e  cannot be c e r t a i n  t h a t  i n  doing t h i s ,  we are not 
going t o  i n t e r s e c t  t h e  a c t i v e  regions.  Thus, it i s  adv i sab le  t o  vary 
the  zero point ,  s h i f t i n g  it i n  one d i r e c t i o n  or t h e  o ther ,  by amounts 
no g r e a t e r  than loo, wi th in  t h e  l i m i t s  of t h e  40° s c a l e  w e  have chosen. 
W e  note  t h a t  even varying t h e  zero poin t  f o r  a f ixed  sca l e  does not  
f u l l y  assure  t h a t  we w i l l  not  i n t e r s e c t  t h e  a c t i v e  region. 
same, however, it can g ive  some mean optimal condi t ions f o r  t h e  i s o l a -  
t i o n  of a c t i v e  longi tudes,  and t h i s  circumstance m u s t  be kept  i n  mind 
i n  development of c r i t e r i a  f o r  t he  b e s t  choice of t h e  zero poin t .  

However, it i s  

- 
J u s t  t h e  

We w i l l  consider  t h a t  t he  zero poin t  i s  b e s t  when t h e  mean longi -  
t u d e  grad ien t  of ZSi i n  the  given (Northern or Southern) Hemisphere of 

t he  sun i s  l a r g e s t .  Table 1 shows t h e  values  of t hese  grad ien ts  f o r  
t he  Northern and Southern Hemispheres of t h e  sun during t h e  12 th  
through 18 th  cyc les  of s o l a r  a c t i v i t y  f o r  s h i f t s  of the  zero longi tude 
poin t  t o  t h e  e a s t  by Oo, loo, 20°, and 30°, i n  a r b i t r a r y  u n i t s .  

The g rad ien t s  of ZSi wi th  respec t  t o  longi tude a r e  computed accord- 

ing t o  the  formula 

Table 1 

Cycle 
Number 
-_ 
1 2  

1.3 

14  

15  

16 

17 

18 

- - -  . _  . _ _  

- _  Northern - Hemisphc 

O0 ~ 

2.3 

2.7 

3.8 

- 5.5 

3.2 

5.1 

8.4 - 

loo 

2.0 

2.4 

3.9 
3 -8 

- 5.7 

4.7 

4.6 

20° 

2.8 

2.5 

2.4 

4.4 

3 07 

4.3 

6.7 

- 

-- 

. -  
e 

300 . . 

2.3 

3.3 

1.8 

4.3 

3 00 

- 5- 4 

5.9 

~ sol 

O0 

4.2 

2.1 

3 *o 

2.1 

- 

3.2 
3 -8 

6.2 - 

hern HemisDhl 

loo - 
2.0 

2.9 

4.1 

3.9 

2.8 

3.4 

6 .o 

L 

20° 

2.5 

2.7 

4.7 

4.2 

- 

1.9 

3.2 

6.1 

30° 

2.5 

- 3.3 

3.2 

2.9 

1.8 

6.1 

2.4 
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I 

where ZSi i s  t h e  m a x i m a l  value of t h e  area, and 2% i s  i t s  minimal 

value,  f i - k l  i s  t h e  modulus of t h e  d i f f e rence  of t h e  ind ices  of t h e  
areas, and n i s  t h e  number of a c t i v e  longi tudes .  
pears  i n  t h e  denominator because t h e  averaging over each a c t i v e  long i -  
tude i s  ca r r i ed  ou t  w i t h  r e spec t  t o  both s i d e s  of t h e  m a x i m a l  value 
ZSi. 

The c o e f f i c i e n t  2 ap- 

I n  t h i s  table t h e  maximal values of t h e  g r a d i e n t s  are underlined. 

A s  may be seen, i n  only two cases  f o r  t h e  Northern Hemisphere, and i n  
only t h r e e  cases  ou t  of seven f o r  t h e  Southern, t h e  choice of zero 
poin t  made i n  R e f .  1 had a d e f i n i t e  basis. On t h e  o t h e r  hand, it may 
be 
Southern Hemispheres i n  many cases  are not co inc ident .  This dev ia t ion  
w a s  g r e a t e s t  i n  t h e  12 th  and 13 th  cyc les  of s o l a r  a c t i v i t y .  
t h e r e  i s  almost no r e g u l a r i t y  i n  t h e  v a r i a t i o n  of t h i s  p a r t i c u l a r  
property.  

seen t h a t  t h e  p o s i t i o n s  of t h e  zero po in t  i n  t h e  Northern and /66 
However, 

A f t e r  choosing t h e  b e s t  zero point,  w e  constructed t h e  map of 
i s o l i n e s  of ZSi f o r  t h e  12 th  through 18 th  cyc les  i n  a manner similar t o  

t h a t  of R e f .  1. 

A s  noted earlier i n  t h i s  a r t i c l e ,  t h e  question of t h e  s t a b i l i t y  of 
t h e  a c t i v e  longi tudes  i s  most important f o r  us .  If w e  make a group map 
of t h e  a c t i v e  longi tudes  during t h e  12 th  through 1 8 t h  cycles ,  according 
t o  t h e i r  geometric cen te r s  (see Fig.  l), then  it i s  no t i ceab le  t h a t  
they show a tendency t o  d e v i a t e  t o  e i t h e r  s i d e  of some e f f e c t i v e  cen- 
t e r  and t h a t  t hese  dev ia t ions  a r e  of an i r r e g u l a r  cha rac t e r  and bas i -  
c a l l y  not  g r e a t e r  than  +_ 40°. Therefore, we s t i l l  cannot say whether 
i n  t h e  given case t h e  a c t i v e  longi tudes  r e a l l y  o s c i l l a t e  or whether it 
i s  t h a t  they  simply maintain p r a c t i c a l l y  t h e  same longi tude  i n t e r v a l  
over a long period of time. This i s  p a r t i c u l a r l y  t rue f o r  t h e  Northern 
s o l a r  Hemisphere, i n  which t h r e e  a c t i v e  longi tudes  ex i s t ed  during seven 
of t h e  11-year cycles of s o l a r  a c t i v i t y .  I n  t h e  s o l a r  Southern Hemi- 
sphere, t h e  a c t i v e  longi tudes  were l e s s  s t ab le ,  b u t  t h e r e ,  too,  t h e i r  
l i f e t i m e  exceeded two s o l a r  cycles.  

Our material, incorpora t ing  d a t a  on t h e  areas i n  each loo longi -  
tude i n t e r v a l ,  makes it poss ib le  f o r  u s  t o  determine t h e  cen te r s  of  t h e  
a c t i v e  longi tudes  wi th  s u b s t a n t i a l l y  g r e a t e r  accuracy. It should be 
simple t o  separa te  t h e  10' i n t e r v a l s  wi th in  t h e  a c t i v e  longi tudes  i n  
whichZSi i s  m a x i m a l .  However, when such longi tude  i n t e r v a l s  a r e  a l s o  

s i t u a t e d  on t h e  edge of t h e  a c t i v e  longitude, and do not s u b s t a n t i a l l y  
exceed t h e  value of ZSi i n  t h e  remaining t h r e e  longi tude  i n t e r v a l s ,  i n -  

co r rec t  results are poss ib le .  Therefore, it seemed most resonable t o  u s  /67 
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t o  de f ine  t h e  cen te r  of t h e  a c t i v e  longi tude as weighted over t h e  area 
i n  loo longi tude i n t e r v a l s  t h a t  make up t h e  a c t i v e  longi tude.  
t h i s ,  w e  used t h e  formula 

To do 

Here Ai0 i s  t h e  Carrington longi tude of t he  i n i t i a l  a c t i v e  longi tude 

i n t e r v a l  (from t h e  zero poin t  s ide) ,Z(  S)l, ..., 2( S)4  are t h e  values  

of ZSi i n  t h e  40° long i tud ina l  i n t e r v a l s ,  proceeding from w e s t  t o  east. 

By t h i s  method, we can determine t h e  cen te r s  of t h e  a c t i v e  longi tudes 
t o  10' accuracy. 
s o l a r  a c t i v i t y  are g i v e n ' i n  Table 2. 

/68 

These cen te r s  f o r  t he  12 th  through 18 th  cyc les  of 

Here, i n  t h e  Southern Hemisphere, t h e  average r e f e r s  only t o  those 
a c t i v e  longi tude i n t e r v a l s  which a r e  continuously maintained during t h e  
course of no t  less than two 11-year cycles .  Fig.  2 shows s h i f t s  of 
cen ters  of a c t i v e  longi tudes  from cycle  t o  cycle .  For increased accu- 
racy, each s h i f t  i s  represented by a separate arrow. The f i g u r e s  near  
t he  beginning and end of each arrow des igna te  t h e  number of t h e  11-year 
cycle .  The broken l i n e s  show t h e  mean value of t h e  center  of a c t i v e  
longi tude f o r  t he  e n t i r e  period of i t s  ex is tence .  A s  may be seen from 
Fig.  2, i n  most cases ,  w e  a r e  dea l ing  wi th  a c t u a l  s h i f t s  of cen te r s  of 
a c t i v e  longi tude,  s ince  t h e  s h i f t s  no t iceably  exceed loo, i . e . ,  t h e  
accuracy of determinat ion of t h e i r  cen ters .  Such s h i f t s  have an i r r e g u -  
l a r  charac te r ,  b u t  i n  some degree suggest o s c i l l a t o r y  motion. It i s  
i n t e r e s t i n g  t h a t  i n  t h e  Northern Hemisphere of t h e  sun, i n  t h e  12-14th 
and 16-18th s o l a r  cycles ,  i n  a l l  t h r e e  a c t i v e  longi tudes  t h e  s h i f t  i s  
d i r ec t ed  t o  one s ide .  I n  t h e  Southern Hemisphere, t h e  s i t u a t i o n  i s  
somewhat more complex; bu t  here  too, we note  t h a t  i n  the  two most s t a b l e  
a c t i v e  longi tudes ( see  $ and A2 T a b l e  2) t he  s h i f t s  i n  t h e  13-14th (A,) 

and 1 6 4 8 t h  (A2) cyc les  a r e  d i r ec t ed  oppos i te ly  t o  t h e  s h i f t s  i n  t h e  

Northern Hemisphere. 

Thus, based on Table 2 and Fig.  2, we conclude t h a t  t h e  cen te r s  of 
t h e  a c t i v e  longi tudes  o s c i l l a t e  i r r e g u l a r l y  around some average value.  
W e  no te  t h a t  f o r  t h e  chosen l a t i t u d e  sca l e ,  we can say nothing, e s s e n t i -  
a l l y ,  about t h e  s h i f t s  of t hese  cen te r s  with respec t  t o  t h e  meridian. 

/69 It i s  of i n t e r e s t  t o  determine t h e  mean c h a r a c t e r i s t i c s  of t h e  
s h i f t s  of t h e  cen te r s  of t h e  a c t i v e  longi tudes  and t o  ask whether t h e r e  
i s  a connection between these  and t h e  average i n t e n s i t y  of sunspot form- 
ing  a c t i v i t y  i n  t h e s e  longi tudes  o r  t h e  mean value of t h e  v a r i a t i o n  of 
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Figure 1. 
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Figure 2. 

i n t e n s i t y .  Natura l ly ,  such ca l cu la t ion  i s  reasonable  only f o r  such 
longi tudes  as are maintained for not  less  than  t h r e e  11-year cycles .  
Hence, t h e  longi tudes  X 

Table  2) are not  considered. Table 3 g ives  average moduli of t h e  s h i f t s  
of t h e  cen te r s  of t h e  a c t i v e  longi tudes  with r e spec t  t o  t h e  p a r a l l e l s  i n  
degrees  for t h e  11-year cycle,  and a l s o  i n  cm/sec; t h e  average va lue  of 
ZS,; and t h e  average moduli of t h e  v a r i a t i o n  of Z S  from cycle  t o  cycle  

and X of t h e  Southern s o l a r  Hemisphere (see 3 4 

i 
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220 
190 
220 

Table 2 

I Northern Hemisphere Cycle 
Southern Hemisphere 

- hl 

310° 
320 
275 

270 

302O 

number 

12 
13 
14 
15 
16 
17 
18 

Aver age 

x4 x3 - 
40' 
70 
45 
15 
50 

115 
85 

60° 

x5 
25O 
70 
40 
0 

350 
15 

2200 
150° 
160 

200 105O 
100 

1020 3 4O 

Table 3 

Northern Hemi:  
m 

here  

- 
ZSi 

11 

12 

11 

h h 
Longi - 

tude 

% 

x3 

Longi - 
tude 

x1 

h2 

?7 

deg/ 

43 

32 

36 

cycle  
deg/ 
cycle  

28 

27 

38 

I 

11 5.5 

13 4.3 

11 2.3 

For t hese  longi tudes .  For t h e  enumeration of  t h e  a c t i v e  longi tudes,  
t h e  same des igna t ions  as i n  Table 2 are used. 

A s  may be seen from t h i s  Table, t h e  i n t e n s i t i e s  of  t h e  a c t i v e  
longi tude i n t e r v a l s  being considered were p r a c t i c a l l y  i d e n t i c a l  and 
w e r e  no t  r e l a t e d  t o  t h e  magnitude of t h e  - average s h i f t  of t h e i r  cen te r s .  
A t  t h e  same t i m e ,  t h e  values  and 

n i t e l y  i n t e r r e l a t e d .  It i s  t r u e  t h a t  t h e  r e l a t i o n  y i e l d s  no r e l i a b l e  
q u a n t i t a t i v e  estimate, mainly because of t h e  s m a l l  volume of material, 
b u t  a q u a l i t a t i v e  deduct ion may e a s i l y  be made from Figure 3. From 
t h i s  Figure it fo l lows  t h a t  t h e  smaller t h e  average value of t h e  i n -  
t e n s i t y  v a r i a t i o n  of t h e  a c t i v e  longi tude,  t h e  g r e a t e r  t h e  s h i f t  t h a t  it 
undergoes along t h e  p a r a l l e l  from one 11-year cycle  t o  another .  The 

ZSi shown i n  Table  3 are d e f i -  x 

7 



Figure 3 

and h obtained by averaging 
hln, '2n 3n' most r e l i a b l e  po in t s  are those  

- over seven s o l a r  cyc les .  
AV onAZSi f o r  t h e  a c t i v e  longi tudes  i s  explained by t h e  f a c t  t h a t  t h e  

a c t i v e  longi tudes  which are descr ibed by t h e  sharpes t  v a r i a t i o n s  of i n -  
t e n s i t y  i n  sunspot a c t i v i t y  are c lose ly  connected wi th  t h e  deeper l ay -  
e rs  of  t h e  sun and t h e r e f o r e  can not  s h i f t  any s i g n i f i c a n t  d i s t ance  
from t h e i r  o r i g i n a l  pos i t i on .  

It i s  poss ib le  t h a t  such a dependence of 

x 

/70 

Fina l ly ,  we no te  t h a t  t h e  s h i f t s  of t h e  a c t i v e  longi tudes  along 
t h e  p a r a l l e l  show t h a t  t h e  subphotospheric l a y e r s  t o  which they  belong 
are ro t a t ed  faster i n  some 11-year cyc les  and slower i n  o t h e r s  than  t h e  
s o l a r  photosphere. These p rope r t i e s  of t h e  a c t i v e  longi tudes  r equ i r e  
a t h e o r e t i c a l  a n a l y s i s  which i s  beyond t h e  scope of t h i s  a r t i c l e .  

I n  conclusion we t ake  t h i s  opportuni ty  t o  express  our  acknowledge- 
ment of h e l p f u l  d i scuss ions  wi th  B. M. Rubashev and R .  N. Ikhanov. 
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